Abstract
The Tibetan Plateau hosts mature, natural forests across a broad elevational gradient, which 74 can be used as a space-for-time substitution for longer-term time series data in exploring key 75 drivers of tree phenology. Satellite-based observations and process-based tree-ring growth model 76 have confirmed that advancement of deciduous or semi-deciduous vegetation green-up-date on 77 the Tibetan Plateau over the past three decades is tied closely to spring warming (Piao et June to September (Liang et al., 2010). July (mean temperature of 15.9 °C) and January (0.6 °C) 98 were the warmest and coldest months, respectively. warmest and coldest months were July (7.9 ± 0.5 °C) and February (-8.0 ± 1.7 °C), respectively.
103
Snowfall of 50-100 cm usually occurs from November to mid-May. north-facing slope (N3800, N4000, N4200, N4380) (Fig. S1) 
Data analysis

150
We used regression tree modelling to investigate the influence of the many explanatory factors 151 hypothesized to be important in controlling timing of bud swelling and leaf unfolding (Table 1) . 152 For the onset of bud swelling, we investigated the effects of both warmth-related variables 153 (accumulated growing degree-days, minimum, and maximum temperatures) and frost-related 154 variables (frequency of spring freezing events and last spring freezing date). We evaluated the 155 impacts of three variables (elevation, aspect, and year) on the safety margins. For leaf unfolding, 156 we sought to understand how different measures of spring warmth controlled the onset of this 
Results
190
Tree size 191 On the southeast-facing slope, trees ranged from 0.47 -1.57 m in height and were estimated to 192 be 13 -40 years old (Table S1 ). The trees on the north-facing slope were 0.39 -1.83 m in height 193 and 10 -44 years old (Table S1 ). and the last frost date were the most important predictors of bud swelling date (Fig. 2a) . Of less 214 importance were growing-degree days, maximum temperature, the minimum temperature, the 215 measurement year, chilling days, and finally aspect (Fig. 2a) . Mean safety margins were ≥ 7±5 216 days and increased significantly with increasing elevation (r = 0.24, P < 0.0001, n = 364) and 217 among years (r = 0.27, P < 0.0001, n = 364), but not with aspect (r = 0.04, P = 0.36, n = 364).
218
For leaf unfolding, onset of bud swelling was the most important predictor; the number of 219 growing degree-days, minimum and maximum temperature ranked considerably lower, but were 220 basically equivalent, in importance, followed by measurement year and aspect (Fig. 2b ). non-linearly to the predictor variables (Fig. 3) , which in turn interacted in complex ways (Fig. 4) .
234
Bud swelling was positively and essentially linearly related to both the frequency of spring 235 freezing events and the last freezing date, negatively related to the sum of growing degree-days 236 and minimum temperature (Fig. 3a) , and non-linearly related to the other variables (Fig. 3a) .
237
Conditional inference tree modelling suggested that whether bud swelling occurred at later or 
Fig. 4 Conditional inference trees explaining variation in the onset date of: (a) bud swelling and (b) leaf unfolding based on sets of
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